For most readers, their exposure to invasive species will come from media accounts of "killer" algae in the Mediterranean Sea, Burmese pythons prowling through Florida's Everglades, or mosquitoes vectoring Zika virus in Brazil. What these observers typically miss, however, are the thousands of species that each year are moved and released well outside their native range (labeled as exotics) but never make the headlines. A best-guess estimate is that nearly of 4% of the Earth's vascular plant species are considered as exotics somewhere in the world, a number of species that is roughly equivalent to the size of the entire European flora (1). Others estimate that the rate at which new exotic species are appearing in written records has risen to 1.5 species per day (2) . This rate of exotic species introduction has risen dramatically over the last couple of decades, mirroring nearly perfectly the rise in global international trade, with no sign that this rate is letting up (2) . As a result, there is no biological realm today, including nearly all oceans and the poles, that has been left clear of exotic species (2, 3) . This global reorganization of the Earth's biodiversity has become a signature of the Anthropocene (2). However, we lack a clear understanding of how many of these exotic species will go on to catch attention as harmful to economies, human health, or natural ecosystems. The quest to find answers to that question has motivated an all-out research push from biologists over the last two decades (4). In PNAS, Abellán et al. (5) make headway in that effort using a remarkably complete contemporary dataset on exotic birds introduced into the Iberian Peninsula.
There are two aspects of the work by Abellán et al. (5) that give it gravitas within invasion ecology: the uniqueness of the underlying dataset and the conceptual clarity of their analysis. Although birds are not often on the list of species that grab headlines for their harmful impacts, they have been moved as exotics for centuries (6) . Add to this history the equally longlasting fervor with which many people, scientists and citizens alike, record the numbers and whereabouts of birds and the result is an extended and detailed accounting of which bird species have been introduced where, and their fate. For precisely this reason this record has generated insights into biological invasions for years (7) . However, the dataset the majority of these analyses are based upon reflects a bygone era in terms of the reasons why birds are transported and introduced, leaving it unclear how useful it is for informing today's invasion problems.
A recently updated global accounting of bird invasions shows two distinct peaks in the rate at which birds have been introduced worldwide, one occurring at the end of the 19th century and another occurring in the past couple of decades (6) . The first peak came from the actions of acclimatization societies and other groups that purposefully transported and released birds to augment local hunting opportunities or in an effort to enhance the natural aesthetics of their local avifauna (6, 7) . That is the data source that fueled past research insights using exotic birds. The recent peak in bird invasions stems almost exclusively from the The invasion process has four distinct stages: transport, release, establishment, and spread (9) . For a species to transit any one stage it must successfully overcome ecological, climatic, and stochastic factors that pose barriers to its success (ovals). Depicted here is the gathering of a fraction of the species native to North American and transporting them to Australia where they are released as exotics. These initial barriers are substantial, leading to far fewer species presented with the opportunity to establish viable populations and then increase in abundance and geographical extent (spread) than entered the process. This continued narrowing in the number of species across every invasion stage means many fewer species are considered invasive than were originally transported (funneling). It is as important to track the species that "dropped out" of this process at each stage as it is to follow those that successfully transited them if we are to gain a clear understanding of what factors influence the invasion process (10). accidental or purposeful release of caged birds traded in the aviculture market (6) . This data source is most relevant to understanding current invasion patterns as the pet market has come to play a central role in generating exotic vertebrates (8) but has not been widely explored. Abellán et al. (5) scoured records from the last century recording the presence and fate of exotic birds observed as free-living along the Iberian Peninsula, allowing them to explore details of the invasion process within the context of modern economic globalization forces and within a region that has seen a large uptick in the pet bird trade (6).
One of the major advances in how we understand invasions comes from an explicit recognition that species must traverse a series of stages to move from being transported out of their native range to becoming widespread and abundant in their exotic range (ref. 9 and Fig. 1 ). According to this invasion process model, an individual must first be transported out of its native range then released within a location to which it is exotic. Once released the individual must survive and find others of its same species with which to mate, and if survival and reproduction are high enough this incipient population will become self-sustaining (established). Once successfully established, the population may either remain localized in distribution and at relatively low abundance or it may grow in size and extent, at which point it is labeled as "invasive" (Fig. 1) . Typically, though not always, exotic species are incapable of producing negative ecological or economic impacts unless they are widespread and abundant (4) .
One productive way to view the invasion process is to view each stage as presenting a set of ecological, environmental, and stochastic barriers that must be passed for a species to move onto the next stage (ref. 9 and Fig. 1) . It is the few species that surmount each barrier at every stage that become invasive. Other species stall at one barrier or another, never establishing or remaining localized in their distribution and low in abundance. Through recognizing that invasions are a process instead of a single event it becomes clear that the suite of factors that determine successful transit through a barrier can be stage-specific. Furthermore, some factors that allow a species to transit one stage may not be the same factors that allow it to transit the next. Indeed, there is the real possibility that a factor works in favor of a species at one stage but against it in the next. These possibilities make the answer to the question of which transported species eventually become invasive hugely complex. This is where the depth of knowledge on exotic birds generated by Abellán et al. (5) really begins to make a difference in what insights it can provide to all invasion research. If we are to learn anything about why some species transit an invasion stage we have to be able to compare them to the set of species that did not transit that same stage. The lack of such information is equivalent to joining the last five minutes of the World Cup soccer (football) championship and wondering why everyone is so excited to see one of the two teams win. Sure, there is inherent drama in this final game, but the relevant action mostly occurred within the games that came before. To truly appreciate the accomplishment at hand it is as vital to know which teams did not make the championship as it is to know which did. The same is true for invasions. We often marvel at the huge impacts that those few species that are invasive and harmful promulgate, but to truly understand how this happened we have to follow events throughout the full invasion process. For this reason, failed invasions (at any stage) have been labeled the "elephant in the room" (10) . Exotic birds are one of the few groups where we can look the elephant in the eye, ask the right questions, and determine what factors combined to allow some species to move across one or more stages, while others failed.
Using their modern compilation of exotic birds, including those that failed, Abellán et al. (5) show that stochastic factors create substantive barriers to establishment success in the early stages of invasion. The more release events that occur the more likely the species is to establish a viable population, in large part because more releases allow nascent populations to overcome issues related to small population size such as stochastic extinction or Allee effects (11) . Once these species establish a viable population, Abellán et al. (5) show that the degree to which the species' physical requirements match that of the local climate determine the extent to which the population increases and expands in geographical space. These authors also show that birds that Abellán et al. scoured records from the last century recording the presence and fate of exotic birds observed as free-living along the Iberian Peninsula, allowing them to explore details of the invasion process within the context of modern economic globalization forces and within a region that has seen a large uptick in the pet bird trade.
entered the pet trade after living part of their lives in the wild (i.e., are wild-caught) are more likely to become invasive than those that spent their lives in captivity. Wild-caught individuals are much more likely to have retained the skills and behaviors necessary to find food and seek shelter from predators than are individuals that had no need for such skills since their day of hatching (12) .
Finally, Abellán et al. (5) clearly show that factors that allowed birds to transit one stage were unique to that stage and in fact sometimes run counter to our ecological intuition. For example, should we not expect that a match between the local climate and the species' physiological and ecological needs also will play a role in initial establishment after release? Abellán et al. (5) clearly answer "no" to that question. They instead suggest that, either because pet birds are commonly released near urban centers where conditions are favorable (high food resources, low predation rates) or because of their inherent flexibility in resource use, birds tend to establish viable populations even within marginal environmental conditions.
There are clear management implications to these authors' results precisely because they are analyzing data that reflect today's influence of the pet trade on vertebrate invasions. One management solution is to enact education and policy solutions that reduce the likelihood that pet owners or retailers allow their pet birds to escape confinement. Another solution is to reduce the number of wild-caught birds that enter the trade in the first place. Beyond these applied insights, the results of Abellán et al. (5) provide a broader template in terms of data quality and clear-eyed analysis upon which other invasive taxa should be evaluated. Achieving this will require a substantial investment in data collection across all stages of the invasion process for species other than birds, in particular paying attention to recording which species failed to transit any given invasion stage. However, if the field is to move toward clarity in explanation, and eventually prediction, the essential components of an invasion analysis that Abellán et al. (5) demonstrate for exotic birds must become the norm.
